Anopheles darlingi, one of the main malaria vectors in the Neotropics, is widely distributed in French Guiana, where malaria remains a major public-health problem. Elucidation of the relationships between the population dynamics of An. darlingi and local environmental factors would appear to be an essential factor in the epidemiology of human malaria in French Guiana and the design of effective vector-control strategies. In a recent investigation, longitudinal entomological surveys were carried out for 2-4 years in one village in each of three distinct endemic areas of French Guiana. Anopheles darlingi was always the anopheline mosquito that was most frequently caught on human bait, although its relative abundance (as a proportion of all the anophelines collected) and human biting rate (in bites/person-year) differed with the study site. Seasonality in the abundance of human-landing An. darlingi (with peaks at the end of the rainy season) was observed in only two of the three study sites. Just three An. darlingi were found positive for Plasmodium (either P. falciparum or P. vivax) circumsporozoite protein, giving entomological inoculation rates of 0.0-8.7 infectious bites/person-year. Curiously, no infected An. darlingi were collected in the village with the highest incidence of human malaria. Relationships between malaria incidence, An. darlingi densities, rainfall and water levels in the nearest rivers were found to be variable and apparently dependent on landcover specificities that reflected the diversity and availability of habitats suitable for the development and reproduction of An. darlingi.
basins in the west and the Approuagues and Oyapock basins in the east).
Over the last few years, although P. falciparum was once widely distributed throughout French Guiana, the incidence of P. falciparum malaria has decreased in some western areas, particularly in the Maroni valley ). In contrast, the incidence of P. vivax malaria in eastern areas, particularly that recorded in the Oyapock valley, has increased, to the point where up to 50% of children in some of the communities develop the disease each year (Carme, 2005; Carme et al., 2005) . Anopheles darlingi, one of the most efficient malarial vectors in the Neotropics, is widely distributed in French Guiana. For more than 50 years, it has been described as the major malarial vector in the country, because of its strong anthropophilic behaviour, high prevalences of infection and the high densities of aggressive females observed during emerging malaria outbreaks (Floch and Abonnenc, 1951; Floch, 1955) . Although other potential vectors, such as An. aquasalis, An. brasiliensis, An. nuneztovari and An. oswaldoi, are also sometimes present at high densities in the human environment in French Guiana, their involvement in the malarial transmission that occurs in the country has not yet been confirmed (Mouchet et al., 1989) .
The larval stages of An. darlingi may be found in a variety of natural habitats, including creeks, strips of flooded forest, river edges and river-bed pools (the size and number of which fluctuate depending on rainfall and river levels). The species, although naturally a forest mosquito, has colonised human-altered landscapes such as deforested areas, where human activity provides suitable larval habitats in the form of road ditches, vehicle ruts, mining pits etc.
Previous research on An. darlingi bionomics and malarial transmission dynamics in French Guiana has focused on Surinamese and French villages along the Maroni riverbecause of the high incidence of malaria historically reported in such communities (Hudson, 1984; Rozendaal, 1992; Girod et al., 2008; Fouque et al., 2010; Hiwat et al., 2010) . The results have allowed the risks of malarial transmission along the Maroni river to be estimated but most of the contributory factors, such as the bionomics and behavioural characteristics of the An. darlingi in the human environment and the relationships between mosquito densities, climatology, hydrology, land cover and malaria incidence, have yet to be elucidated. Moreover, the lack of entomological data from other malaria-endemic areas of French Guiana limits the implementation of effective vector-control operations that are adapted to local conditions.
The aim of the present, longitudinal survey, which ran from January 2003 to December 2006, was to explore the malarial vectors and associated transmission dynamics around three villages in the Amazonian forest of French Guiana. The study villages lie in three distinct endemic regions. The relationships between the entomological observations and environmental factors (such as climatology, hydrology and land cover) that may affect the malaria situation in the three study areas were explored.
MATERIALS AND METHODS

Study Sites
Longitudinal entomological studies were implemented in the vicinity of each of three Amazonian villages in French Guiana: Camopi, Apatou and Régina (Fig. 1) . The three study sites all represent more-or-less anthropogenic landscapes but differ in terms of agricultural practices and population size and composition.
Camopi is an Amerindian village located in the middle-Oyapock region, in the southeastern part of French Guiana, near the Brazilian border. The 'village' is actually a collection of more than 20 hamlets that cover a 15-km 2 area along the Oyapock River and one of its main tributaries, the Camopi River, and together hold about 1000 people. Field collections of mosquitoes were made in the largest hamlet and in dispersed hamlets located along the two rivers. Although most of the villagers still live in open huts made of wood with roofs of steel sheet or palm leaves, more modern concrete houses are progressively replacing such huts, particularly in the largest hamlet, which has the 'village''s only health centre. The villagers practise subsistence-level slashand-burn agriculture, gradually increasing the area under cultivation.
The district of Apatou is located in the lower-Maroni region, in the north-west of French Guiana, close to the Surinamese border. Its 5500 Marron inhabitants live either in the village of Apatou (which hold's the district's only health centre) or in several hamlets on the French-Guianan side of the Maroni River. Field collections of mosquitoes were made in the hamlets of Midenangalanti and Bois Martin. Midenangalanti, which, at the start of the study, had a population of about 70, lies 15-km upstream of Apatou village and consists of approximately 15 traditional houses on the river bank. Bois Martin lies 5-km upstream of Midenangalanti and, at the start of the study, had 20 (non-permanent residents) who lived in traditional houses on the river bank. The inhabitants of Midenangalanti and Bois Martin also practise subsistence-level slashand-burn agriculture. Both hamlets are surrounded by primary Amazonian forest although this is broken by cultivated areas and patches of secondary forest.
The village of Régina, which also has a health centre, lies on the right bank of the Approuagues River, in north-eastern French Guiana and, at the start of the study, had 750 inhabitants who were a mixture of Creoles, Amerindians and Brazilian immigrants. Mosquitoes were collected in a place named 'Village Inéri', which is actually only a hamlet about 1.5 km from the centre of Régina village and about 1 km from the Approuagues River. When the present study began, about 100 people lived in 'Village Inéri', in a mixture of traditional and modern houses surrounded by forest and flooded savannah. Although subsistence-level slashand-burn agriculture is practised around the hamlet, there is also more intensive agriculture (with larger plots, shorter fallow periods, and the use of agricultural fertilizers and pesticides) for the production of vegetables and citrus fruits as cash crops.
The three study sites are all surrounded by Amazonian rainforest and have similar climates, being hot (mean temperature527uC) and humid (mean relative humidity580%) all year round. Four seasons are recognised in French Guiana: a long rainy season (midApril-mid-July), a long dry season (midJuly-November), a short rainy season (December-January) and a short dry season (February-mid-April).
Entomology
Mosquitoes were collected outdoors as they landed on local residents who were employed by the Pasteur Institute of French Guiana and carefully supervised by an entomologist. At each study site, collections were made, on one night or two consecutive nights in every month or 2 months, by four collectors, two of whom worked from 18.30 to 00.30 hours while the other two worked from 00.30 to 06.30 hours.
Mosquitoes landing on the exposed lower legs of the collectors were caught with mouth aspirators and transferred to collecting pots that were labelled with the place and time of collection. Morphology and the relevant keys for the Amazonian region (Faran and Linthicum, 1981; Linthicum, 1988) were used to identify all the mosquitoes caught to genus and the anopheline mosquitoes to species. As they were identified, the mosquitoes were transferred (one/vial) to numbered vials with desiccant. They were then transported to the Pasteur Institute in Cayenne, where they were held at 220uC until they could be processed further. Subsequently, the head and thorax of each female anopheline mosquito were tested, using an ELISA, for the circumsporozoite proteins (CSP) of P. falciparum, P. vivax (VK210 and VK247 variant epitopes) and P. malariae (Wirtz et al., 1987 (Wirtz et al., , 1992 .
Human biting rates (HBR) were estimated as the number of female anopheline bites/ person-night while entomological inoculation rates (EIR; presented as the number of infectious bites/person-night) were calculated as the products of the HBR and the proportions of the tested mosquitoes found to be positive for any CSP.
Malaria Data
Malaria is a disease under epidemiological surveillance in French Guiana. Once a week, the staff in health posts, health centres and public and private biomedical laboratories report all the confirmed cases of malaria that they have observed in the previous 7 days, to the health authority. A suspected case of malaria is considered confirmed if the case's body temperature exceeds 38uC or the case is found febrile within 48 h of being found bloodsmearpositive for malarial parasites or positive for Plasmodium-specific protein in a rapid diagnostic test (i.e. the OptiMAL H test; Diamed AG, Cressier sur Morat, Switzerland).
For the present study, the incidences of malaria reported weekly (and routinely) by the health centres in the three study areas were transferred into Excel (Microsoft) databases. More detailed data, on individual cases of malaria, were obtained from the health centres of Camopi and Régina. These data allowed the cases resulting from therapeutic failure in P. falciparum or P. malariae infection (indicated by the return of fever within a week of treatment) or from P. vivax relapse (indicated by two episodes of P. vivax malaria within a 90-day period; Hanf et al., 2009 ) to be excluded. For Apatou, however, the only malariometric data available were those routinely held in the territorial database for health surveillance, and these were insufficient to exclude cases resulting from therapeutic failure or P. vivax relapse.
For the data analyses, the populations of the three study areas were considered to be stable (and not to decline or increase) over the study period.
Environmental Data
RAINFALL AND HEIGHTS OF RIVER WATER
The relevant rainfall records were provided by the French meteorological services in French Guiana, which collects data daily from automatic stations in the villages of Camopi, Apatou and Régina (Fig. 1) . Similarly, daily data on local river levels were provided by the national department of environmental services and came from hydrometric stations at Saut Maripa (on the Oyapock River, 90 km downstream from Camopi), Saut Athanase (on the Approuagues River, 25 km upstream of Régina), and Langatabiki (on the Maroni River, 20 km upstream of Apatou) (Fig. 1) . Although Saut Maripa lies at a considerable distance from Camopi, river levels at these two locations have been measured simultaneously in the past and these simultaneous measurements allowed the river levels at Camopi for the period of interest (2003) (2004) (2005) (2006) to be estimated from those recorded at Saut Maripa.
The records of daily rainfall and river levels were converted, using the RH software package (www.r-project.org), into weekly cumulated rainfall and weekly maximum river levels. The weekly data were then stored in an Excel database. A semi-supervised classification, combining an unsupervised pixel-based clustering algorithm implemented in GRASS GISH software (http://grass.osgeo.org/) and the intervention of an operator guided by field knowledge and photo-interpretation expertise, was performed in order to characterise the land cover. The methodology was the same for the three study sites. Air photographs at 50-cm spatial resolution, taken in 2006 by the French Institut Geographique National (SaintMandé, France) and held in the institute's BD ORTHOH database, were visually interpreted to label the classes identified with the satellite images and to validate the classification qualitatively.
Landscape characterisation was performed by extracting land-cover features within a discoidal buffer around each collection site. As the flight range of An. darlingi has rarely been explored (Deane et al., 1948; Charlwood and Alecrim, 1989; Achee et al., 2005) , various buffer radii (200, 500, 1000, 2000, 5000 and 7000 m) were used, the largest value representing the maximum flight distance ever reported for An. darlingi (Charlwood and Alecrim, 1989) .
Variables included in the landscape characterisation were the percentage of each land cover class, the length of river banks (Maroni, Oyapock/Camopi, and Approuagues) and the degree of landscape division (Jaeger, 2000) .
Since the mosquito collections for Camopi and Apatou were each made in several hamlets, landscape in Camopi and Apatou was characterised as weighted averages (of the landscape-feature values extracted for the separate collection points), with the numbers of collection nights used as weights.
Statistical Analysis of Relationship Between Entomological, Environmental and Parasitological Data
Associations between the cumulated rainfall and maximum river levels, numbers of malaria cases and An. darlingi HBR were investigated be calculating Spearman's rank-order correlation coefficients, using the StataH software package (StataCorp, College Station, TX).
The relationships between the HBR for An. darlingi observed in a mosquito collection and cumulative rainfall or maximum river level recorded between 2 and 4 weeks earlier were explored. Similarly, the relationships between the HBR for An. darlingi observed in a mosquito collection and malaria incidence recorded between 2 and 4 weeks after that mosquito collection were also investigated. The lag periods that were tested were based on the generation time of An. darlingi and estimates of the mean time between Plasmodium infection of anopheline mosquitoes and the development of the first clinical symptoms in people bitten by those infected mosquitoes (Service and Townson, 2002; Warrell, 2002) .
A P-value of ,0.05 was considered indicative of a statistically significant difference or correlation. 
RESULTS
Mosquito Collections and
Seasonal Abundance of Anopheles darlingi and Other Anopheline Species
In the study site of Camopi, the abundance of adult (human-landing) An. darlingi peaked during the long rainy season, from April to July, with the two highest HBR -9.0 and 11.0 bites/person-night -recorded in May 2004 and May 2005, respectively. During the rest of the year, An. darlingi HBR remained at low levels (,2.0 bites/ person-night), with no An. darlingi being collected in some months (Fig. 2) . Although only 39 female An. nuneztovari were collected at this site, over 4 years of the study, the An. nuneztovari HBR reached 10.5 bites/ person-night (in May 2005) .
In Midenangalanti and Bois Martin, the abundance of adult (human-landing) An. darlingi also peaked during the long rainy season, with the highest HBR (78.5 bites/ person-night) recorded in June 2005. During the rest of the year, An. darlingi HBR at this site remained below 15.0 bites/person-night (Fig. 3) . A total of 101 An. nuneztovari was collected during the 2 years of the study, with the HBR for this species peaking, at 8.3 bites/ person-night, in December 2006.
Close to Régina, in the 'Village Inéri', adult (human-landing) An. darlingi were present all year round, with no clear seasonal peak in their abundance (Fig. 4) , although the HBR for this species varied from 108.5 bites/person-night (in September 2006) to just 6.0 bites/person-night (in November 2006).
Anopheles darlingi Entomological Inoculation Rates
Although all 3123 of the female anopheline mosquitoes collected were processed by ELISA to see if they contained P. falciparum, P. vivax and/or P. malariae CSP, only three -two An. darlingi from close to Apatou (both positive for P. falciparum) and one An. darlingi from Régina (positive for P. vivax) -gave a positive result.
The annual circumsporozoite indices for An. darlingi were 0.17% in the study site close to Apatou and 0.06% in the Régina sites, giving corresponding EIR of 5.7 and 8.7 infectious bites/person-year, respectively.
Seasonal Variations in Malaria Incidence
Between 2003 and 2006, 3604 malaria cases were confirmed at the health centre in Camopi, with annual means of 365 cases of P. falciparum malaria and 528 cases of P. vivax malaria. Malaria incidences showed seasonality (Fig. 2) , with a peak in JanuaryFebruary (i.e. at the end of the short rainy season) and another in July-August (at the end of the long rainy season).
At the health centre in Apatou, 171 malaria cases were confirmed in 2005-2006 (109 in 2005 and 62 in 2006) , with 146, three and 22 of them attributed to P. falciparum, P. vivax and P. malariae, respectively. As in Camopi, malaria incidence showed two seasonal peaks and, again as in Camopi, these occurred in January-February and July-August (Fig. 3) .
In the health centre of Régina, 237 malaria cases were reported in [2005] [2006] , with almost all of them attributed to P. falciparum . At this health centre, however, no clear-cut seasonal variation in malaria incidence was observed during the study period (Fig. 4) .
Seasonal Variations in Rainfall and River Level
In the study site of Camopi, mean annual rainfall over the study period was 2545.4 mm, the wettest months being March, April and May. The nearby Oyapock River fell to its lowest levels in November-December and reached its highest levels in April-May (Fig. 2) .
At Apatou, mean annual rainfall over the study period was very similar (2748.2 mm) FIG. 2. In these three graphs, the bars show Anopheles darlingi human biting rates at the Camopi study site while the lines show rainfall at Camopi (a), maximum river levels at Saut Maripa (b), and the number of malaria cases presenting at the Camopi health centre (c).
but the wettest months were January and May. The water levels in the nearby Maroni River were relatively low in NovemberJanuary and peaked in May (Fig. 3) .
Compared with the other two study sites, that at Régina was much wetter (mean annual rainfall54914.6 mm), with particularly heavy rainfall in December-January and April-May (Fig. 4) . On the nearby Approuagues River, water levels were lowest in October-November and highest in AprilJune (Fig. 4) .
Correlations between Rainfall, River Level, Malaria Cases and An. darlingi Abundance At the Camopi study site, significant correlations were observed between HBR and cumulative rainfall (recorded 2-4 weeks earlier), FIG. 3 . In these three graphs, the bars show Anopheles darlingi human biting rates in Midenangalanti and Bois Martin while the lines show rainfall at Apatou (a), maximum river levels at Langatabiki (b), and the number of malaria cases presenting at the Apatou health centre (c). maximum river levels (recorded 2-4 weeks earlier) and malaria incidence (recorded 2-4 weeks later) (see Figure 2 and Table 2 ).
At the Apatou site, however, HBR was only found to be significantly correlated with the maximum river levels recorded 2-4 weeks earlier (see Figure 3 and Table 2 ) while at the Régina site no significant correlations were detected (see Figure 4 and Table 2 ).
Land Cover
Overall, nine classes of land cover were identified. The percentage of each study site represented by each of the classes is shown, as a function of buffer size, in Figure 5 .
At a large scale (i.e. with buffers with radii of 5 or 7 km), the three study sites differed in the proportion of their area covered by secondary/humid valley-floor forest (a class FIG. 4 . In these three graphs, the bars show Anopheles darlingi human biting rates in 'Village Inéri' (Régina) while the lines show rainfall at Régina (a), maximum river levels at Saut Athanase (b), and the number of malaria cases presenting at the Régina health centre (c).
of land cover that appeared most common at the Régina site).
With the radii of the buffer zones set at 200 or 500 m, more differences between the study sites became apparent. No deep water body was included in the buffer zone at the Régina site, for example, because the nearest river lay outside of the zone. At the same site, the use of a buffer zone with a radius of 200 m also excluded any shallow and/or shady water bodies (the swamp associated with the 'Village Inéri' being more than 200 m from the community).
With buffer zones measuring at least 500 m in radius, shallow and/or shady water bodies occupied similar percentages of the land cover at the three sites but differed in nature; they corresponded to TABLE 2. Spearman's rank-order correlation coefficients for the relationships between Anopheles darlingi human biting rates (HBR) and cumulative rainfall (2-4 weeks earlier), maximum water level in the closest river (2-4 weeks earlier), and the incidence of human malaria recorded (2-4 weeks later) in the local health centre With the smaller buffer zones, the Régina site was found to have higher proportions of secondary/humid valley-floor forest, grassland/low vegetation and shrubs than the other two study sites. 'Secondary/humid valleyfloor forest' may include both anthropogenic areas (secondary growth) and non-anthropogenic areas (humid valley-floor forest), which give similar radiometric responses.
The lengths of the river banks included in the buffer zones are shown Figure 6 . The Camopi site held the longest stretches of riverbank (with both the Oyapock and Camopi Rivers contributing). The Régina site had a relatively weak interaction with the Approuagues River, especially when the radius of the buffer zone was ,1 km (partially because of the distance between the centre of the site and the river).
The degree of landscape division of the non-flooded areas was greatest at the Régina site, whatever the buffer size, mainly because of the anthropogenic surfaces.
DISCUSSION
Variability in Anopheles darlingi
Abundance and Implications for Malaria Transmission
The present results represent the first information available on the mosquito fauna of the lower-Maroni, lower-Approuagues and middle-Oyapock areas of French Guiana. Almost all of the mosquitoes collected on humans at night in the study villages in these inland malaria-endemic areas were anopheline. Most were An. darlingi, a species that has predominated among the mosquitoes collected in other peridomestic areas of French Guiana (Floch, 1955; 1977; Claustre et al., 2001; Girod et al., 2008) and one that appears to be highly anthropophilic throughout the Amazon region (Tadei et al., 1998; Magris et al., 2007; present results) . In the present study, as seen in some earlier investigations (Panday, 1977; Rozendaal, 1987) , a few other anopheline species, in particular An. nuneztovari, were sometimes collected on humans in large numbers. The three study sites varied in terms of the mean HBR for An. darlingi (approximately one bite/person-night in the village of Camopi, nine bites/personnight in the Apatou study site, and 39 bites/ person-night in the Régina study site) and in whether such HBR showed marked seasonality (Camopi and Apatou) or not (Régina). Such seasonal and geographical variation in the HBR of anophelines has already been described in the Amazon region (Da SilvaVasconcelos et al., 2002; Gil et al., 2003) .
All the female anophelines collected were checked for Plasmodium CSP but only a few specimens of An. darlingi (collected in the study sites of Apatou and Régina) were found to be positive. Even though it remains possible that one or more of the rarer species of Anopheles is involved in malarial transmission, it seems likely that the parasites causing human malaria in the Apatou and Régina study sites are predominantly transmitted by An. darlingi in peridomestic environments. Although this may also be true for the village of Camopi (relatively few anopheline mosquitoes were collected in this study site and none was found CSPpositive), an alternative possibility is that, in Camopi, most malarial transmission does not occur in peridomestic environments (where mosquitoes were collected during the present study) but in the forest around the village, via the bites of sylvatic anopheline species. In some other areas of the Amazon region, even where An. darlingi occurs, other Anopheles species have been found responsible for the transmission of malarial parasites to humans (Panday, 1977; Povoa et al., 2001; Da Silva-Vasconcelos et al., 2002) .
Relationships between Human Biting
Rates and Rainfall and River Levels Statistical analysis revealed (1) a significant correlation between An. darlingi HBR and the rainfall that fell a few weeks earlier (at Camopi but not at Apatou or Régina) and (2) a significant correlation between An. darlingi HBR and the maximum levels recorded, a few weeks earlier, in the nearest river (at Camopi and Apatou but not at the Régina site). The seasonal variation seen in the HBR at the 'Village Inéri', close to Régina, did not reflect fluctuations in local rainfall or river levels.
Positive correlations between An. darlingi densities and rainfall and/or river levels have been observed previously, in the Maroni valley and elsewhere in the Amazon region (Hudson, 1984; Rozendaal, 1987; Monteiro de Barros and Honorio, 2007; Girod et al., 2008; Hiwat et al., 2010) . Situations showing no correlation between An. darlingi densities and rainfall and river levels, as observed in the present study at the Régina site, have, however, also been described before (Gil et al., 2003; Magris et al., 2007; Moreno et al., 2007) . Such geographical variation underlines the fact that, even at subregional level, the characteristics of the local landscape need to be explored if the relationships between climate, An. darlingi population dynamics and malarial transmission are to be understood.
Human Biting Rates and Land Cover
In the present study, classification of satellite images allowed nine classes of land cover to be identified. Although these are, to a certain extent, similar to the ones identified by Vittor et al. (2006 Vittor et al. ( , 2009 , using images from the Landsat-7 thematic mapper (at 30-m spatial resolution), the process of classification used in the present study allowed deep water (corresponding to the river stream) and shallow and/or shady water bodies (corresponding to shady rivers, parts of rivers along shady banks, or wetlands composed of shallow water surfaces with sparse vegetation) to be distinguished.
Only the river levels near to Camopi and Apatou (and not those near to Régina) appeared to be correlated with An. darlingi densities a few weeks later. Land cover at the Camopi and Apatou appeared quite similar, with high percentages of deep water (corresponding to the Oyapock/Camopi and Maroni river streams, respectively) and forest. The Oyapock/Camopi and Maroni Rivers presumably play an important role in the emergence of productive breeding places for An. darlingi at the end of the long rainy season, when the forested zones are flooded because of the high river levels. It is unclear why HBR were found to be correlated with rainfall only in the Camopi study site but it seems likely that only at this site were many An. darlingi breeding places created directly by rainfall, perhaps as puddles in the dense forest around the village. The two hamlets of Midenangalanti and Bois Martin, enclosed between the Maroni River and hills, present different forest features to those in the Camopi study site. Further investigations should be performed to evaluate the numbers of breeding places directly associated with rainfall in the Camopi and Apatou areas.
At the Régina study site, the absence of a correlation between HBR and either rainfall or river level may also be linked to landcover and land-use specificities. There are permanently flooded areas near this site (swamps and humid-valley floors) that, presumably, provide many perennial breeding places for An. darlingi whether rainfall is heavy or light. This site also lies relatively far from the nearest river and within 1 km of only short stretches of river bank. In addition, it is close enough to the Atlantic Ocean for the nearest river water to be brackish at high tide, inhibiting the breeding of An. darlingi on the river banks.
The Régina site was the one showing the greatest variation in land cover, mainly because of the relatively intense and varied agriculture human activity. Large densities of An. darlingi often develop once human activity has caused 'deterioration' in the natural landscape (Tadei et al., 1998; Vittor et al., 2006 Vittor et al., , 2009 and this -and the permanently flooded areas -may explain why An. darlingi HBR were found to be so high at the Régina site.
Human Biting Rates and Malaria Incidence
The correlations observed between (peridomestic) HBR and malaria incidenceswhich only reached statistical significance in Camopi village -are difficult to interpret. Malaria incidence in Camopi showed two seasonal peaks, one in JulyAugust (when An. darlingi HBR were relatively high) and another in JanuaryFebruary (when, curiously, An. darlingi HBR were relatively low). It is possible that the An. darlingi in peridomestic areas of Camopi village maintain malaria transmission in January-February even when present at low densities. It is also possible that most transmission in Camopi at this time of the year (and in the Apatou and Régina study sites at most or all times of the year) does not occur in peridomestic environments (where mosquitoes were collected and HBR estimated in the present study) but in the forest. The seasonal fluctuations seen in malaria incidence in the Apatou and Régina study sites do not reflect the HBR of peridomestic An. darlingi recorded a few weeks earlier. This observation, and similar observations made elsewhere in the Amazon region (Camargo et al., 1996; Moreno et al., 2007) , particularly in the Maroni valley (Girod et al., 2008; Hiwat et al., 2010) , indicate that An. darlingi density is not the most important factor affecting malaria-transmission risk in some places. In Venezuela, however, Magris et al. (2007) detected a strong correlation between An. darlingi densities and malaria incidence, similar to that seen, in the present study, in Camopi village.
As suggested by Moreno et al. (2007) and Fouque et al. (2010) , it seems probable that the longevity of An. darlingi populations may play an important role in malaria-transmission dynamics in certain situations. In some areas, however, the presence and vector role of sylvatic species of anopheline mosquito could explain the epidemiology of malaria. Pajot et al. (1978) showed that most of the human malaria in Trois-Sauts, an Amerindian village upstream of Camopi but still in the middle-Oyapock region, could be transmitted by An. neivai, a sylvatic species that breeds in water trapped in bromeliads. Curiously, Molez (1999) described two Amerindian myths related to the malaria transmission, one associating transmission with the rivers and the other associating transmission with the forest. If there is considerable transmission occurring in the forests, this may explain how, in the present investigation, the Camopi study site could have the highest incidences of malaria despite having the lowest HBR for peridomestic An. darlingi.
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